We have utilized an extensive set of independent British Airways flight data recording wind vector and temperatureobservations (the Global Aircraft Data Set [GADS] archive) in three ways: (a) as an independent check of operational analyses; (b) as an analysis observing system experiment (OSE) as if the GADS observations were available in real time; and (c) as the corresponding forecast simulation experiment applicable to hture operational forecasts. Using a 3 1 day sample (0000 UTC 20 December 2000 through 0000 UTC 20 January 2000) from Winter 2000, we conclude that over the data-dense continental U. S. analyzed jet streaks are too weak by -2% to -5%. Over nearby data-sparse regions of Canada, analyzed jet streaks are too weak by -5% to -9%. The second range provides a limit on the accuracy of current jet streak analyses over the portions of the -85% of the earth's surface that are poorly covered by non-satellite observations. The -5% to -9% range is relevant for the pre-third generation satellite (AIRS, IASI, GIFTS) era.
Introduction
In this study we address two related questions: how accurately are strong jet streams depicted in analyses and what effect can additional aircraft data have on forecasts?
Inaccurate jet streams in analyses and forecasts have a direct effect on the accuracy of energy and moisture transports and, for forecasts, in baroclinic developments. We use automated aircraft observations from the Global Aircraft Data Set (GADS) experiment.
The GADS experiment collects information from flight data recorders of British Airways 747-400 aircraft unconstrained by the cost limitations of real-time transmissions (e.g. AMOAR*; ACARS3, Benjamin et al. 1999 ). The GADS observations are independent of the transmissions used by operational centers. In contrast to our previous studies of this type (Tenenbaum 1991 (Tenenbaum , 1996 Rukhovets et al. 1998; Rickard et al. 2001 ) which dealt primarily with Asia, for this study we stress Canada and the contiguous U. S. The U. S. is extremely well covered by ACARS observations (Benjamin et al. 1999 ). In comparison, just prior to the recent increase in automated aircraft reports over Canada, that area, though 
Aircraft Observation Techniques
Wide-bodied aircraft measure wind and temperature as a routine part of their navigation and operating procedures. These measurements are comparable to radiosonde accuracies for vector wind error (+1-2 m s-l; WMO 1996) and only slightly worse for temperatures (f0.85 "C; WMO 1996). A collocation study using ACARS observations (Benjamin et al. 1999 ) obtains standard deviations of 1.1 m s-' for a single horizontal component of wind and 0.5 "K for the temperature above the boundary layer. 1998 , Rickard et al. 2001 ) has made use of this higher recording frequency and sampled the BA winds and temperatures from every flight of each BA 747-400 aircraft since 1996. The sampling is done at 128 sec (1996) (1997) (1998) (1999) (2000) (2001) and 32 s e c (2002-) intervals. Earlier versions (Tenenbaum 1991) of this experiment also collected data from Japan Airlines and Lufthansa. 
Detailed Procedures
To check the performance of operational analyses, we use the two synoptic times at 0000 and 1200 UTC and interpolate the analyses to the time of the jet streak crossing. While some centers archive data at 0600 and 1800 UTC, use of the 0000 and 1200 UTC synoptic times allows us to maintain comparability among all centers. Similarly, we concentrate on the large number of flights at levels close to 250 hPa (33 000 ft and 35 000 ft; near the optimal engine performance level for modern three-and four-engine subsonic jet aircraft) to minimize vertical interpolation errors.
We compare the maximum wind speed encountered by the aircraft with the maximum wind speed of the analysis or forecast.
As noted above, most long-haul aircraft routes can be divided i.e., the wind speed from the analysis or forecast at the exact latitude and longitude of the jet streak maximum observed by the aircraft. Label W i n t e r 1 9 9 9
Our data was taken during two observational time periods S t a r t End 0 0 0 0 UTC 0 1 J a n u a r y 1999 0000 UTC 24 J a n u a r y 1999 Horizontal interpolation perpendicular and parallel to the path was performed using high resolution maps generated by the centers themselves using their full resolution archived data (e.g, 0 . 5 " x 0 . 5 " for ECMWF).
.

Analysis Results
a. Canada versus U. S .
The global distribution of automated aircraft observations is very non-uniform as illustrated in (Kanamitsu et al. 1999; Uppala et al. 1999 ) as the next (third) generation of satellite instruments begins to be incorporated i n t o major assimilation systems and the reanalysis periods effectively include time segments with and without third generation satellite sounder observations.
Our primary analysis result is illustrated in Table 2 Modern data assimilation systems at the major operational centers (Daley 1991 , Parrish and Derber 1992 , Courtier et al. 1993 , Pfaendtner et al. 1994 , McNally et al. 2000 Fig. 4b shows the corresponding 1-dimensional wind speed plot for GADS observations, ECMWF Control analysis, and ECMWF GADS analysis. The ECMWF GADS analysis better depicts the trough between the two jet streaks but still cannot correctly depict the peaks. (Fig. 4 ) and does n o t imply that the analyzed core wind speeds including GADS observations are now correct but simply that current analysis procedures cannot assimilate the full impact of these observations.
Clearly, the errors in these cases, while surprisingly close to (Figs. 5a and would be a significant operational impact.
. Forecast Results
In the previous section the GADS observations were used as an independent check on the analyses or as a simulated part of the incoming observational data stream. We now examine the resulting forecasts for apparent differences on both a mean and case study basis. For the forecast impacts, we concentrate on the ECMWF results. That center has several advantages -higher resolution models, 4-dimensional variational analyses, a later cutoff time, and others -which have, in p a r t , led to consistently better scores for the ECMWF forecasts, especially over their time period of primary concern (3-7 days). In the context of commercial aviation, from past experience, the improved resolution and later cutoff time indicate what will be possible at the operational centers a few years in the future.
In contrast to the data-dense U. S. and North Atlantic regions, both Russia and Canada have sparse enough data that the existing GADS observations are likely to have a visible impact. (Fig. 6b) is replaced by a mean zonal flow in Winter 1999 (Fig h) . In other words, the extra information provided by GADS data (see Fig. 1 below) Fig. 8 where a 24 hour vector wind root mean square error (rmse) at 500 hPa is averaged over the European (Fig. 8a ), North Atlantic (Fig. 8b ), North American ( Fig. 8c) a n d North Pacific (Fig. 8d) -9a) and Southern Hemisphere (Fig. 9b) (Fig. 8) is kept in the medium range.
The different impacts of the GADS observations in the two w i n t e r s , m a i n l y i n t h e s h o r t r a n g e f o r e c a s t s , a r e p r o b a b l y d u e
to the large scale flow differences in the two winter periods examined. In Winter 2000, the incremental GADS data distributions matched important baroclinic areas and, hence, have positively affected the analysis and the ensuing forecast.
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. Conclusions
We have utilized an extensive set of independent British Airways flight data recording wind vector and temperature observations Table 1 
